TITLE OF THE INVENTION 



EXPOSURE APPARATUS, GAS REPLACING METHOD, 
AND METHOD OF MANUFACTURING 
A SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method of replacing 
a gas, and more particularly to a method of replacing an 
atmospheric gas, such as air, in the light path of vacuum 
ultraviolet light with an inactive gas, in a semiconductor 
exposure apparatus using the vacuum ultraviolet light as an 
illumination beam. 
Description of the Related Art 

A higher degree of resolution is required for an 
exposure apparatus such as a stepper and the like as 
semiconductors are integrated more densely and the size 
thereof becomes more miniaturized. Since resolution is 
proportional to a wavelength of exposure light, the 
wavelength of exposure light is being shortened step by step, 
and a g-line in the visible region (wavelength: 436 nm) is 
being replaced with an i-line in the ultraviolet region 
(wavelength: 365 nm) as well as, recently, a KrF excimer 



laser beam (wavelength: 248 nm) is being used, and the 
utilization of an ArF excimer laser beam (wavelength: 193 
nm), an F2 laser beam (wavelength: 157 nm) , and further, an 
Ar2 laser beam (wavelength: 126 nm) is being examined. 

However, a laser beam in a wavelength region less than 
approximately the wavelength of the ArF excimer laser beam 
is absorbed by oxygen in air and the transmission of the 
laser beam is lowered. To cope with this problem, in an 
exposure apparatus using the ArF excimer laser beam, almost 
all the air in the light path of the exposure light is 
replaced with nitrogen. Further, since a laser beam is 
somewhat absorbed even by nitrogen in a wavelength region of 
approximately 190 nm or less (the vacuum ultraviolet region), 
nitrogen must be replaced with another gas (i.e., on inactive 
gas other than nitrogen), which permits the laser beam to 
pass therethrough, or the interior of the exposure apparatus 
must be evacuated. However, in order to evacuate the 
exposure apparatus, the apparatus must be strongly 
constructed so as to withstand high pressure, increasing the 
manufacturing cost of the apparatus. Thus, a system for 
replacing the gas in the light path of the exposure light 
with any of other gases having a high degree of transmission 
is employed. It is contemplated to be most preferable to 
replace the atmosphere in the vicinity of the light path of 
the exposure light and the atmosphere in the vicinity of 
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optical elements of the exposure apparatus with helium, in 
consideration of safety, good heat conductivity, a smaller 
^ change in reflective index due to temperature, and the like. 

5* SUMMARY OF THE INVENTION 

In view of the problem of the conventional example, it 
is an object of the present invention to instantly replace 
the air in a vessel, which hermetically seals the vicinity 

10 of the light path of exposure light in a semiconductor 
exposure apparatus, with an other gas. 

To achieve the above object, an exposure apparatus of 
the present invention includes a chamber surrounding a 
predetermined space, a first gas supply unit for supplying a 

15 first gas into the chamber, a second gas supply unit for 

supplying a second gas, different from the first gas, into 
the chamber, and a switching mechanism for supplying any of 
the first and second gases by switching the first and second 
gas supply units . 

20 It is preferable that the first gas in the chamber be 

replaced with the second gas after the air in the chamber is 
replaced with the first gas. 

It is preferable that the switching mechanism be a 
switching valve. 

25 It is preferable that an amount of the first gas 
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supplied per unit time be different from an amount of the 
second gas supplied per unit time. 

It is preferable that the flow path of the first gas 
in the chamber be different from the flow path of the second 

5* gas in the chamber. 

It is preferable that the gas supply port of the first 
gas in the chamber be different from the gas supply port of 
the second gas in the chamber. 

It is preferable that the gas exhaust port of the 
10 first gas in the chamber be different from the gas exhaust 
port of the second gas in the chamber. 

It is preferable that the ventilation port of the 
first gas in the chamber be disposed differently from the 
ventilation port of the second gas in the chamber. 
15 It is preferable that the chamber partly surround the 

light path of the light from an illuminant in the vacuum 
ultraviolet region. 

It is preferable that the illuminant be an illuminant 
of an F2 laser or Ar2 laser. 
20 It is preferable that an optical element be contained 

in the chamber. 

It is preferable that a plurality of optical elements 
be contained in the chamber. 

It is preferable that the chamber surround a light 
25 path in the illumination optical system of the exposure 
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apparatus . 

It is preferable that the chamber surround the light 
path in the projection optical system of the exposure 
apparatus . 

5- It is preferable that the chamber surround the 

projection optical system of the exposure apparatus. 

It is preferable that the first and second gases 
contain substantially no oxygen. 

It is preferable that the first and second gases have 
10 a different specific gravity. 

It is preferable that the second gas be an inactive 

gas . 

It is preferable that the first gas be an inactive gas. 

It is preferable that the second gas be helium and the 
15 first gas be nitrogen. 

A gas replacing method of the present invention 
includes the steps of supplying a first gas into a chamber 
surrounding a predetermined space and supplying a second gas, 
different from the first gas, into the chamber after the 
20 first gas has been supplied. 

It is preferable that a gas be supplied into the 
chamber by switching a first gas supply unit for supplying 
the first gas and a second gas supply unit for supplying the 
second gas . 

25 It is preferable that a valve be used to switch the 
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first gas and the second gas. 

It is preferable that an amount of the first gas 
supplied per unit time be different from an amount of the 
second gas supplied per unit time. 
5* It is preferable that the flow path of the first gas 

in the chamber be different from the flow path of the second 
gas in the chamber. 

It is preferable that the gas supply port of the first 
gas in the chamber be different from the gas supply port of 
10 the second gas in the chamber. 

It is preferable that the gas exhaust port of the 
first gas in the chamber be different from the gas exhaust 
port of the second gas in the chamber. 

It is preferable that the ventilation port of the 
15 first gas in the chamber be disposed differently from the 

ventilation port of the second gas in the chamber. 

It is preferable that the chamber partly surround the 
light path of the light from an illuminant in the vacuum 
ultraviolet region. 
2 0 It is preferable that the illuminant be an illuminant 

of on an F2 laser or Ar2 laser. 

It is preferable that an optical element be contained 
in the chamber. 

It is preferable that a plurality of optical elements 
25 be contained in the chamber. 
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It is preferable that the chamber surround a light 
path in the illumination optical system of an exposure 
apparatus . 

It is preferable that the chamber surround the light 
5*- path in the projection optical system of an exposure 
apparatus . 

It is preferable that the chamber surround the 
projection optical system of an exposure apparatus. 

It is preferable that the first and second gases 
10 contain substantially no oxygen. 

It is preferable that the first and second gases have 
a different specific gravity. 

It is preferable that the second gas be an inactive 

gas . 

15 It is preferable that the first gas be an inactive gas. 

It is preferable that the second gas be helium and the 
first gas be nitrogen. 

A method of manufacturing a semiconductor device of 
the present invention includes a step of installing a group 

20 of manufacturing apparatuses including the above-mentioned 
exposure apparatus, for performing various processes in a 
semiconductor manufacturing factory and a step of 
manufacturing the semiconductor devices in a plurality of 
processes using the group of manufacturing apparatuses. 

25 It is preferable that the method of manufacturing a 



semiconductor device further include a step of connecting 
the group of manufacturing apparatuses though a local area 
network and a step of transmitting information as to at 
least one set of the group of manufacturing apparatuses 
between the local area network and an external network 
outside the semiconductor manufacturing factory by means of 
data communication. 

It is preferable that maintenance information of the 
manufacturing apparatuses be obtained by accessing a 
database provided by a vendor or a user of the exposure 
apparatus through the external network by means of the data 
communication, or that production management be carried out 
by communicating data to a semiconductor manufacturing 
factory other than the above semiconductor manufacturing 
factory through the external network. 

A semiconductor manufacturing factory of the present 
invention includes a group of manufacturing apparatuses for 
performing various processes, with each manufacturing 
apparatus including the above-mentioned exposure apparatus. 
The factory further includes a local area network for 
connecting the group of manufacturing apparatuses and a 
gateway for permitting access from the local area network to 
an external network outside the semiconductor manufacturing 
factory, wherein information as to at least one set of the 
group of manufacturing apparatuses is transmitted by means 
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of data communication. 

A maintenance method of an exposure apparatus of the 
present invention includes the steps of causing a vendor or 
a user of the exposure apparatus discussed above to provide 
5- a maintenance database connected to the external network of 
a semiconductor manufacturing factory, permitting access to 
the maintenance database from the semiconductor 
manufacturing factory through the external network, and 
transmitting information stored in the maintenance database 

10 to the semiconductor manufacturing factory through the 
external network. 

In addition, it is preferable that the above-mentioned 
exposure apparatus further include a display, a network 
interface, and a computer for executing network access 

15 software, wherein the information of the exposure apparatus 
is transmitted through a computer network by means of data 
communication . 

It is preferable that the network access software 
provide a user interface for accessing the maintenance 

2 0 database provided by the vendor or the user of the exposure 
apparatus connected to the external network of a factory in 
which the exposure apparatus is installed. The user 
interface is preferably provided on the display to make it 
possible to obtain information from the maintenance database 

25 through the external network. 
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other features and advantages of the present invention 
will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
5- throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings , which are incorporated in 
10 and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the 
description, serve to explain the principles of the 

invention. 

Fig. 1 is a view showing the overall construction of 
15 an exposure apparatus of an embodiment of the present 
invention; 

Fig. 2 is a graph showing how an oxygen concentration 
and nitrogen concentration change as time passes in a gas 
replacing method of the present invention; 
20 Fig. 3 is a view showing a part of the construction of 

the exposure apparatus shown in Fig. 1; 

Fig. 4 is a view showing a part of the construction of 
the exposure apparatus shown in Fig. 1; 

Fig. 5 is a view showing a part of the construction of 
25 the exposure apparatus shown in Fig. 1; 
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Fig. 6 is a view showing a part of the construction of 
the exposure apparatus shown in Fig. 1; 

Figs. 7A and 7B are views showing a part of the 

construction of the exposure apparatus shown in Fig. 1; 
5- Fig. 8 is a view showing a part of the construction of 

the exposure apparatus shown in Fig- 1; 

Fig. 9 is a schematic view of an overall system of a 
computer network; 

Fig. 10 is a schematic view of an overall system of a 
10 computer network; 

Fig. 11 is a view showing a screen displayed on a 
display unit; 

Fig. 12 is a flowchart of a process for manufacturing 
a semiconductor device; 
15 Fig. 13 is a flowchart for processing a wafer; 

Fig. 14 is a view showing a simulation model of the 
interior of a hermetically-sealed vessel; 

Figs. 15A and 15B are views showing a result of a 
simulation of the atmospheric concentration in the 
2 0 hermetically-sealed vessel when gravity is not taken into 
consideration; 

Figs. 16A and 16B are graphs showing how the 
atmospheric concentrations in the hermetically-sealed vessel 
change at respective positions as time passes when gravity 
25 is not taken into consideration; 
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Figs. 17A and 17B are views showing a result of a 
simulation of the atmospheric concentration in the 
hermetically-sealed vessel when gravity is taken into 
consideration; 
5* Figs. 18A and 18B are graphs showing how the 

atmospheric concentrations change in the hermetically-sealed 
vessel at respective positions as time passes when gravity 
is taken into consideration; 

Fig. 19 is a view showing a result of a simulation of 
10 the atmospheric concentration in another hermetically-sealed 
vessel when gravity is taken into consideration; and 

Fig. 20 is a graph showing a result of a simulation of 
the atmospheric concentrations in the other hermetically- 
sealed vessel at respective positions when gravity is taken 
15 into consideration. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will 
20 now be described in detail with reference to the 
accompanying drawings . 

In general, when air in the light path of exposure 
light is replaced with a gas, the light path is contained in 
a hermetically-sealed vessel, an end of the hermetically- 
25 sealed vessel is arranged as a gas supply port, the other 
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end thereof is arranged as a gas exhaust port, and a flow 
path is formed so that the light path is entirely filled 
with the gas. Then, the air in the hermetic ally -sea led 
vessel is replaced with the gas by convection and diffusion 
5- of molecules. 

As an example, a result of a simulation which was 
executed to replace the air in a hermetically-sealed vessel 
with nitrogen will be shown. 

Fig. 14 Shows a hermetically-sealed vessel used as a 
10 model for the simulation. At a time 0, the interior of the 
hermetically-sealed vessel is filled with air. The 
hermetically-sealed vessel has a gas supply port formed at 
an upper left portion in Fig. 14. A replacement gas is 
supplied into the hermetically-sealed vessel from the gas 
15 supply port. Further, the hermetically-sealed vessel has a 
gas exhaust port formed at a lower right portion in Fig. 14. 
When the replacement gas is supplied from the gas supply 
port, the air in the hermetically-sealed vessel is exhausted 
to outside of the hermetic ally -sea led vessel through the gas 
2 0 exhaust port. Note that, in the simulation, the replacement 
gas is supplied from the gas supply port from the time 0 at 
a flow rate of 1 m/sec. Conventionally, however, the 
behavior of the gas was simulated without taking the 
influence of gravity into consideration. 
25 Figs. 15A and 15B are views showing how the 
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concentration of the air in the vessel changes as time 
passes, when it is assumed that the concentration of the air 
is not influenced by gravity. In Figs. 15A and 15B, a 
pattern having a deeper color means that the air has a 
5 - higher concentration. Fig. 15A shows a case in which helium 
is used as the replacement gas, whereas Fig. 15B shows a 
case in which nitrogen is used as the replacement gas. 

Calculations in Figs. 15A and 15B are made assuming 
that the replacement gas is not influenced by gravity. Thus, 

10 the convection of the gas in the vessel is carried out 

substantially similarly if either of helium and nitrogen is 
used, although they behave differently, in time. 

Further, Figs. 16A and 16B are graphs showing how the 
concentrations of the air change as time passes at a lower 

15 left corner, a left center portion, a right center portion, 
an upper right corner and a flowing-out port in the vessel. 
In Figs. 16A and 16B, the vertical axis shows the 
concentration of air (logarithmic scale) and the lateral 
axis shows time (real number scale). In Fig. 16A, helium is 

20 used as the replacement gas, whereas in Fig. 16B, nitrogen 
is used as the replacement gas . 

Calculations in Figs. 16A and 16B are made assuming 
that the replacement gas is not influenced by gravity. Thus, 
the change in concentration of the gas, which is caused as 

25 time passes, exhibits a substantially similar tendency if 



- 15 - 



either of helium and nitrogen is used. 

Note that the following points can be determined from 
the graphs. First, the air which existed in the vessel at 
the beginning is pushed out. At this step, the 
5- concentration of the air is changed less in the vicinity of 
the gas exhaust port. Next, the air diluted by convection 
is exhausted. At this step, the concentration of the 
original air is abruptly reduced exponentially. Thereafter, 
the speed at which the concentration thereof is reduced 

10 gradually slows. It is contemplated that this is because 
the replacement of the air in a portion where the air 
stagnates is mainly carried out by diffusion of molecules. 

As described above, it has been contemplated that the 
behavior of helium in a vessel is similar to that of 

15 nitrogen as a result of a simulation which was carried out 

without taking the influence of gravity into consideration. 

However, helium has a lower molecular weight and a 
specific gravity less than that of air (the atmosphere). As 
a result, the influence of gravity must be taken into 
20 consideration in order to accurately understand the behavior 
of helium in a vessel. 

For this purpose, a simulation was carried out taking 
the influence of gravity into consideration. 

Figs. 17A and 17B are views showing how the 
25 concentration of air in a vessel changes as time passes when 
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the influence of gravity is taken into consideration. In 
Fig. 17A, helium is used as a replacement gas, whereas in 
Fig. 17B, nitrogen is used as the replacement gas. 

Fig. 17B shows a state in which air is replaced with 
5- nitrogen. In Fig. 17B, nitrogen gas tends to spread in the 
vessel and to flow toward a gas exhaust port substantially 
similarly to the above-mentioned case in which the influence 
of gravity was not taken into consideration. It is 
contemplated that this is because nitrogen comprises a 

10 substantial portion of air and the specific gravity of 
nitrogen is approximately the same as that of air. 

In contrast. Fig. 17A shows a state in which air is 
replaced with helium, and a tendency shown in Fig. 17A is 
entirely different from the case in which the influence of 

15 gravity was not taken into consideration. The behavior of 
helium in the above-mentioned case (in which the influence 
of gravity was not taken into consideration) is such that 
helium gas spreads in the vessel and flows therein so as to 
push out the air from the left side of the vessel. It can 

20 be found, however, that the behavior of helium in the case 
in which the influence of gravity is taken into 
consideration is such that helium flows through only an 
upper portion of the vessel. Therefore, it is difficult for 
helium to flow through a lower portion of the vessel. 

25 Figs. 18A and 18B are graphs showing how the 
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concentration of the air in a vessel changes as time passes 
when the influence of gravity is taken into consideration. 
In Figs. 18A and 18B, the vertical axis shows the 
concentration of air (logarithmic scale) and the lateral 
5- axis shows time (real number scale). In Fig. 18A, helium is 
used as the replacement gas, whereas in Fig. 18B, nitrogen 
is used as the replacement gas. 

According to the graph shown in Fig. 18B, when 
nitrogen is used as the replacement gas, a tendency 

10 approximately similar to the above-mentioned case is 

exhibited. However, according to the graph shown Fig. 18A, 
when helium is used as the replacement gas, the 
concentration of air is more difficult to reduce. That is, 
it is difficult for the air in the vessel to be replaced 

15 with a helium atmosphere. 

Fig. 19 shows a state of convection of helium in a 
vessel when a gas supply port is disposed at a lower 
position, a gas exhaust port is disposed at an upper 
position, and helium is supplied from the gas supply port. 

2 0 It can be found from Fig. 19 that the helium supplied 

from the gas supply port disposed at the lower portion of 
the vessel flows upward in the vessel, and then flows along 
the upper wall of the vessel toward the gas exhaust port. 
Fig. 20 shows a graph indicating the change of 

25 concentration of air at respective positions in the vessel 



in this case. It can be found that disposing the gas supply 
port and the gas exhaust port as shown in Fig. 19 makes it 
difficult to displace the air in the vicinity of the lower 
right portion of the vessel. 

As described above, when it is desired to replace the 
air at a portion of the vessel where the air is liable to 
stagnate with a gas only by diffusion of molecules, a very 
long time is required to reduce the concentration of the air 
originally existing in the vessel. 

Especially, when the concentration of oxygen in a 
light path is high in that wavelength region of vacuum 
ultraviolet light, light is greatly absorbed by the oxygen 
because a zone where light is absorbed by oxygen 
continuously exists in that wavelength region. Accordingly, 
an oxygen concentration must be reduced to 1 ppm or less to 
normally operate an exposure apparatus. However, the 
replacement of air with helium executed by the conventional 
method takes a long time to achieve a desired oxygen 
concentration as described above. Further, a large amount 
of helium must be consumed, which is very uneconomical 
because helium exists in the earth's crust and in the air in 
only a very small amount, and thus, is very expensive. 

Accordingly, embodiments realized in consideration of 
the behavior of helium gas will be described below. 
<Embodiment of exposure apparatus> 
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Fig. 1 is a view showing the overall construction of 
an exposure apparatus of an embodiment of the present 
. invention. 

In Fig. 1, a laser unit 1 acting as a source of 

5- illumination of an exposure apparatus is disposed on a floor 
or in a downstairs room separately from the exposure 
apparatus. In this embodiment, the laser unit 1 is an 
excimer laser unit for creating vacuum ultraviolet light 
having a wavelength region of 160 nm or less. While an F2 

10 excimer laser having an oscillation wavelength in the 
vicinity of 157 nm can be used in this embodiment, an 
illumination device that emits light having a wavelength in 
the ultraviolet ray region, such as an Ar2 laser and the 
like having an oscillating wavelength in the vicinity of 157 

15 nm, may be used as well. 

A laser beam emitted from the laser unit 1 is 
introduced into the main body of the apparatus through 
mirrors 2 and 3. A chamber 4 is hermetically sealed to shut 
off the vicinity of a light path including the mirrors 2 and 

20 3, from the outside air. A glass element 5 is disposed at a 
portion of the chamber 4 through which the laser beam is 
emitted from the chamber 4. The glass element 5 permits the 
laser beam irradiated by the laser unit 1 to pass 
therethrough and introduces the laser beam into a cabinet 6, 

2 5 which will be described later. Further, the glass element 5 



is held such that the chamber 4 is hermetically sealed. 
Note that the cabinet 6 is a kind of a chamber, because it 
surrounds a part of a space. 

The glass element 5 is made of a glass material 
composed of a fluorine compound, and specifically, any of 
fluorite (CaF^), magnesium fluoride (MgF2), barium fluoride 
(BaFj), SrFj, and fluorine doped quartz may be used as the 
glass material. These glass materials exhibit a high 
transmissivity to light having a wavelength of 157 nm or 
less . 

The interior of the chamber 4 will be described below 
in detail. 

The light that passes through the glass element 5 
falls incident on the cabinet 6 and illuminates a reticle 8 
after reflecting off of a mirror 7 in the cabinet 6. The 
interior of the cabinet 6 will be also described below in 
detail. 

The reticle 8 is placed on a reticle holder 10 placed 
on a reticle stage 9. The reticle stage 9 is driven by a 
reticle stage driving system (not shown) in a Y-direction as 
a scanning direction which is an in-plane direction 
perpendicular to an optical axis. A bar mirror 11 is fixed 
on the reticle stage 9, and an interferometer 12 measures a 
position of the bar mirror 11 to thereby measure a position 
of the reticle stage 9. Fig. 1 shows a state in which only 
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one set of the interferometer 12 and bar mirror 11 is 
disposed and driven in the Y-direction as the scanning 
direction on a coordinate axis shown in the figure. However, 
another set of the interferometer 12 and a bar mirror 11 may 
5- be additionally disposed in an X-direction on the coordinate 
axes shown in the figure so as to measure a position of the 
reticle stage 9 on the X- and Y-axes. 

A pattern (not shown) drawn on the reticle 8 is scaled 
down (reduced) by a projection optical system 13 at a 
10 predetermined reduction ratio and exposed and transferred 
onto a wafer 14 coated with a light sensitive agent. The 
interior of the projection optical system 13 also will be 
described below in detail . 

The wafer 14 is placed on a wafer chuck 16 placed on a 
15 wafer stage 15. The wafer stage 15 is driven by a wafer 

stage driving system (not shown) in the X- and Y-directions, 
which are in-plane directions perpendicular to the optical 
axis. A bar mirror 17 is fixed on the wafer stage, and an 
interferometer 18 measures a position of the bar mirror 17 
2 0 to thereby measure a position of the wafer stage. Fig. 1 

shows a state in which only one set of the interferometer 18 
and bar mirror 17 is disposed and driven in the Y-direction 
as the scanning direction on the coordinate axes shown in 
the figure. However, an interferometer 18 and a bar mirror 
25 17 may be additionally disposed in the X-direction on the 
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coordinates in the figure so as to measure a position of the 
reticle stage 9 on the X- and Y-axes because the wafer stage 
must move the wafer in the x-direction stepwise after 
scanning and exposure are finished. 

Next, the structural member of the apparatus will be 
described. 

A main surface plate 2 0 is placed on a plurality of 
legs 19. A stage surface plate 21 and a lens-barrel surface 
plate 22 are placed on the main surface plate 20. 

The stage surface plate 21 includes a reference 
surface, which is parallel to an X-Y plane. The above- 
mentioned wafer stage 15 moves in the X- and Y-directions 
along the reference surface. In the embodiment shown, the 
wafer stage 15 is supported in a non-contact state with 
respect to the stage surface plate 21 by a guide using gas 
bearings. Note that the guide for supporting the wafer 
stage 15 also may use a rolling guide using balls or a 
sliding guide using rollers in place of the gas bearings. 

An air conditioning duct 23 and an external cylinder 
24 are placed on the lens-barrel surface plate 22 in 
addition to the above-mentioned projection optical system 13 
and interferometer 18. The interferometer 18 is supported 
by the lens-barrel surface plate 22 by which the projection 
optical system 13 is supported, which permits a position of 
the wafer stage 15 to be measured with respect to the 
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projection optical system 13. The air conditioning duct 23 
blows gas supplied from a circulating system (which will be 
described later) in a direction perpendicular to the optical 
axis of the projection optical system 13 through an ULPA 
(ultra-low penetration air) filter 23' disposed in the air 
conditioning duct 23. The air conditioning duct 23 keeps a 
stable, predetermined temperature in the interferometer 
light path 18" of the interferometer 18 and the wafer 14 as 
well as in the space surrounded by the lens-barrel surface 
plate 22. 

with this construction, wandering of the 
interferometer light path 18' can be reduced and deformation 
of materials caused by a temperature change in the space can 
be reduced. Further, the air conditioning duct 23 reduces 
the concentration of light absorbing substances (for example, 
oxygen) in an exposure light path from the end of the 
projection optical system 13 to the wafer 14. 

Further, the above-mentioned reticle stage 9 moves in 
the Y-direction as the scanning direction (and sometimes 
also in the X-direction) along the reference plane formed on 
the external cylinder 24. In the embodiment, the reticle 
stage 19 is supported in a non-contact state with respect to 
the external cylinder 24 by a guide using gas bearings. 
Note that the guide for supporting the reticle stage 9 also 
may use a rolling guide using balls or a sliding guide using 
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rollers in place of the gas bearings. 

The external cylinder 24 surrounds the portion of the 
projection optical system 13 which is located above the 
upper surface of the lens-barrel surface plate 22 and 
includes an opening 24' at an upper portion thereof so that 
exposure light may pass therethrough. Further, the 
interferometer 12, an air conditioning duct 25 and the 
cabinet 6 (a portion where the cabinet 6 is joined to the 
external cylinder 24 is omitted by a broken line in Fig. 1) 
are placed on the external cylinder 24, in addition to the 
above-mentioned reticle stage 9. The interferometer 12 is 
supported by the external cylinder 24, which is constructed 
integrally with the projection optical system 13, so that 
the interferometer 12 can measure a position of the reticle 
stage 9 with respect to the projection optical system 13. 
The air conditioning duct 2 5 blows the gas supplied from a 
circulation system (which will be described later) in a 
direction perpendicular to the optical axis of the 
projection optical system 13 through a ULPA filter 25' 
disposed in the air conditioning duct 25. The air 
conditioning duct 25 keeps a stable, predetermined 
temperature in the interferometer light path 12' of the 
interferometer 12 and the reticle 8 as well as in the space 
in the vicinity of the reticle 8. With this construction, 
wandering of the interferometer light path 12 ' can be 
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reduced and the deformation of materials caused by a 
temperature change in the space in the vicinity of the 
reticle 8 can be reduced. Further, the air conditioning 
duct 25 reduces the concentration of light absorbing 
5 substances (for example, oxygen) in a light path in front of 
and behind the reticle 8. 

In the embodiment shown in Fig. 1, a chamber 26 
accommodates the main body of the apparatus therein and is 
hermetically sealed for shutting off the interior thereof 
10 from the outside air. Movable members 27, composed of 

bellows of stainless steel or the like, connect the chamber 
2 6 to portions in the vicinity of the legs 19, keep the 
chamber 2 6 hermetically sealed, and can absorb the relative 
displacement between the chamber 2 6 and the legs 19 and the 
15 main surface plate 20. 

Movable members 28, composed of bellows of stainless 
steel or the like, connect the chamber 4 to the chamber 26, 
keep the chambers 4 and 26 hermetically sealed, and can 
absorb the relative displacement between the chamber 4 
2 0 placed on a support table 30 and the chamber 26. 

Further, movable members 29, composed of bellows of 
stainless steel or the like, connect the chamber 4 to the 
cabinet 6, keep the chamber 4 and the cabinet 6 hermetically 
sealed, and can absorb the relative displacement between the 
25 chamber 4 and the cabinet 6. 



It should be noted that while bellows of stainless 
steel are used as the movable members 27, 28, and 29 in this 
embodiment, the movable members are not limited to stainless 
steel bellows and any bellows such as metal bellows of a 
nickel alloy, titanium or a resin may be used as long as 
they can keep the chambers 4 and 2 6 and the cabinet 6 
hermetically sealed and absorb relative displacement. 
Further, a magnetic fluid seal also may be used, in addition 
to the bellows. 

A load lock chamber 31 is used to insert and to 

extract the reticle 8 and includes gate valves 32 and 33 
which can be opened and closed by a driving system (not 

shown). A support table 34 is used to support the reticle 8. 

A reticle transport robot 35 supplies and collects the 

reticle 8 to and from the reticle holder 10. 

A load lock chamber 36 is used to insert and to 

extract the wafer 14 and includes gate valves 3 7 and 38 

which can be opened and closed by a driving system (not 

shown). A support table 39 is used to support the wafer 14. 

A wafer transport robot 40 supplies and collects the wafer 

14 to and from the wafer chuck 16. 

Next, a method of controlling the environments and the 

temperatures in the chambers 4 and 26 and in the load lock 

chambers 31 and 36 will be described. 

A gas supply source 51 includes nitrogen gas supply 
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source 51a, a helium gas supply source 51b, and a switching 
valve 51c. These two types of gases exhibit an excellent 
transmissivity to an F2 laser beam. The nitrogen gas supply 
source 51a and the helium gas supply source 51b each supply 

5- gases which contain substantially no oxygen, it should be 
noted that the term "contain substantially no oxygen" means 
that the gases "do not contain oxygen in an amount which 
greatly affects the performance of the apparatus" and that 
they have "an oxygen concentration which is lower than the 

10 maximum oxygen concentration acceptable for the chamber 4 
and the like" . 

The gas supply source 51 supplies either nitrogen gas 
or a helium gas by switching between the nitrogen gas supply 
source 51a and the helium gas supply source 51b by means of 

15 the switching valve 51c. 

The gas supplied from the gas supply source 51 is 
introduced to a gas supply port 53 defined at an end of the 
chamber 4 on an illumination side through piping 52. From 
there the gas passes through the interior of the chamber 4 

20 and is discharged from a gas discharge port 54 defined at 

the other end of the chamber 4 on an exposure apparatus side, 
where the gas is exhausted into an exhaust mechanism 56 
through piping 55. 

Next, a gas replacing method that is a feature of this 

25 embodiment will be described with reference to Fig. 2. 



Fig. 2 is a graph showing how an oxygen concentration 
and nitrogen concentration in gas exhausted from a gas 
exhaust port change as time passes when nitrogen and helium 
are supplied from the supply port of the chamber 4 stepwise. 

In Fig. 2, the vertical axis shows a concentration 
(logarithmic scale) and the lateral axis shows time (real 
number scale), "A" shows an oxygen concentration, "B" shows 
nitrogen concentration, "Tn2" shows nitrogen supply time, 
and "Th2" shows a helium supply time. 

A description will be made along the time axis of Fig. 
2. First, nitrogen gas is supplied from the nitrogen gas 
supply source 51a by the switching valve 51c of the gas 
supply source 51. Thus, the oxygen concentration "A" is 
reduced through approximately the same progress as that 
explained with reference to Fig. 18A. After a time "Tn2" 
has passed, the oxygen concentration "A" reaches an order of 
ppm. At that time, the supply of the nitrogen gas is 
stopped by the swiching valve 51c and then helium gas is 
supplied from the helium gas supply source 51b by the 
switching valve 51c. Thus, the oxygen concentration "A" is 
continuously reduced and the nitrogen concentration "B" is 
reduced as well. 

After a time "Th2" has passed, the nitrogen 
concentration "B" is reduced to a few percent. When the 
oxygen concentration "A" is reduced to about 1 ppm or less 



and the nitrogen concentration "B" is reduced to a few 
percent or less, no problem arises optically. Thus, at that 
time, the gas replacement by helium is finished. It should 
be noted that the term "replacement" does not mean to 
completely replace the gas in the chamber 4 with another gas 
but rather means to supply the other gas until the 

concentration of a gas originally existing in the chamber 4 
is reduced to a desired concentration. 

As described with reference to Fig. 2, while the time 
"Tn2", which is necessary to reduce the oxygen concentration 
to the order of ppm, is considerably long, the time "Th2", 
which is necessary to reduce the nitrogen concentration to a 
few percent, is very short compared to the time "Tn2". 
Further, the price of nitrogen is about 1/ 100th the price of 
helium, which permits the oxygen in the chamber 4 to be 
removed at a low cost. 

Further, an increase in an amount of nitrogen supplied 
per unit time can reduce the time "Tn2", thereby reducing 
the time necessary to reduce the oxygen concentration in the 
chamber 4. Further, the oxygen in the chamber 4 can be 
removed at a low cost because an amount of helium, which is 
supplied after the oxygen in the chamber 4 has been 
substantially replaced with nitrogen, need not be increased. 

Further, when nitrogen is supplied in a state which is 
different from a state in which helium is supplied, a time 
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necessary to reduce stagnant oxygen can be decreased as 
compared with the conventional method, in particular, since 
nitrogen and helium have a different specific gravity, they 
stagnate in the chamber 4 differently. Accordingly, the 
5 - supply of helium after the oxygen in the chamber 4 is 

replaced with nitrogen can increase the speed at which the 
oxygen in the chamber 4 is reduced. 

Further, the specific gravity of nitrogen is 
approximately the same as that of air, whereas the specific 
10 gravity of helium is less than that of air. Therefore, the 
oxygen concentration in the chamber 4 can be more promptly 
reduced by replacing the air in the chamber 4 with nitrogen 
first rather than replacing the air with helium from the 
beginning of the replacement process. 
15 It should be noted that when light in the vacuum 

ultraviolet region is used, it is necessary to reduce the 
oxygen concentration to a level of ppm, whereas the nitrogen 
concentration can be at a level of a few percent- Thus, the 
interior of the chamber 4 can be regulated to a preferable 
20 state for an optical system by replacing the air in the 

chamber 4 with nitrogen first, and supplying helium into the 
chamber 4 thereafter. 

Further, the interior of the chamber 4 may be 
evacuated before or after the air in the chamber 4 is 
25 replaced with nitrogen and then helium may be supplied 
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thereinto. 

Next, a gas flow path through the chamber 4 will be 
- described with reference to Fig. 3. In Fig. 3, the same 

components shown in Fig. 1 are denoted by the same reference 
5' numerals and the description thereof is omitted. 

The laser beam emitted from the laser unit 1 is 
reflected by the mirror 2 and shaped to a predetermined beam 
shape by a beam shaping optical system 201. Thereafter, the 
laser beam irradiates an optical integrator 210 at a 
10 predetermined magnification through condensers 204 and 207. 
The optical integrator 210 is composed of minute lenses 
disposed two-dimensionally and irradiates a conjugate 
surface 219 with the reticle 8 (Fig. 1) in a superimposed 
manner through a condenser 213. A half mirror 216 is 
15 interposed between the condenser 213 and the conjugate 

surface 219 to partly reflect the laser beam to introduce it 
to an illuminance sensor 220. The illuminance sensor 220 is 
disposed on a surface which is substantially equivalent to 
the above-mentioned conjugate surface 219 and can detect the 
20 actual amount of exposure of the wafer 14 (Fig. 1) when it 
is exposed. An exposing operation is executed by a control 
system (not shown) which controls the oscillating state of 
the laser unit 1 based on a value detected by the 
illuminance sensor 220. 
25 Note that the beam shaping optical system 201 is 



supported by a support table 202 having a ventilation port 
203. 

The condenser 204 is supported by a support table 205 
having a ventilation port 206. The condenser 207 is 
supported by a support table 209 having a ventilation port 
208. The optical integrator 210 is supported by a support 
table 211 having a ventilation port 212. The condenser 213 
is supported by a support table 214 having a ventilation 
port 215. The half mirror 216 is supported by a support 
table 217 having a ventilation port 218. 

The gas supplied enters the chamber 4 through the gas 
supply port 53, flows through the chamber 4 along the light 
path, sequentially passes through the ventilation ports 2 03, 
206, 208, 212, 215, and 218 and is exhausted from the gas 
discharge port 54 . 

The gas flow path in the chamber 4 is conceptually 
shown by arrows in Fig. 3. 

The provision of the gas flow path which sequentially 
passes through the spaces between optical elements in the 
chamber 4 permits the air in those spaces to be effectively 
displaced by the gas . 

Note that while a parallel plane of glass is used as 
the glass element 5 in this embodiment, the glass element 5 
is not limited thereto and other light transmitting elements 
such as a lens, a prism, and the like may be used. 
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Furthermore, while a flyeye is used as the optical 
integrator 210 in this embodiment, a rod integrator, a 
plurality of flyeyes disposed in series, or a combination of 
a flyeye and a rod integrator could be used as alternatives 
to the flyeye optical integrator. 

Note that the optical system shown in Fig. 3 forms an 
illumination optical system for illuminating the reticle in 
combination with the optical system disposed in the cabinet 
6, which will be described later. 

While the same gas supply port, gas exhaust port and 
ventilation ports are used for nitrogen and helium in the 
above description, the embodiment is not limited thereto. 
For example, the gas supply port for nitrogen may be 
disposed at the end of the chamber 4 on the illumination 
side and the gas supply port for helium may be disposed at 
the end of the chamber 4 on the exposure apparatus side. 
Further, in view of the specific gravities of nitrogen and 
helium, the positions of the ventilation ports, which are 
important in the formation of the flow path through the 
chamber 4, may be differ between a time when nitrogen is 
supplied and a time when helium is supplied. This may be 
realized by providing operable/closable ventilation ports 
and selectively closing and opening them depending upon the 
type of gas being supplied. 

Note that the above gas replacement method is not 



limited to the chamber 4 and may be widely utilized to 
replace a gas in any hermetically-sGaled vessel. That is, 
the method may be utilized to supply a gas into the chamber 
26, the load lock chambers 31 and 36, the external cylinder 
24, the projection optical system 13, and the cabinet 6, 
which will be described later. In addition, a gas also may 
be supplied to the air conditioning ducts 23 and 25 and the 
like by the foregoing gas replacement method. 

Further, the gas replacement method is not limited to 
the combination of nitrogen and helium and can obtain a 
similar effect when other gases having different specific 
gravities are sequentially supplied. For example, even if a 
gas lighter than air is supplied first and a gas heavier 
than air is supplied next, a gas originally existing in a 
hermetically-sealed vessel can be promptly replaced with the 
replacement gases. It should be noted that the gases to be 
supplied are preferably inactive gases, and, in particular, 
they are preferably helium and nitrogen such as described 
above . 

Returning to Fig- 1, the exposure apparatus of this 
embodiment will be further described. 

In Fig. 1, a gas supply source 57 includes nitrogen 
gas supply source 57a and a helium gas supply source 57b. 
These two types of gases exhibit an excellent transmissivity 
to an F2 laser beam. 
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The gas supply source 57 supplies either nitrogen gas 
or helium gas by switching between the nitrogen gas supply 
. source 57a and the helium gas supply source 57b using a 
switching valve (not shown). 
5 ' The gas supplied from the gas supply source 57 is 

introduced to a gas supply port 5 9 disposed in the cabinet 6 
or to bellows 29 through piping 58. From there the gas 
passes through the interior of the cabinet 6 and then is 
discharged into the chamber 2 6 from a gas discharge port 60 
10 defined at an end of the cabinet 6. 

The gas flow path in the cabinet 6 will be described 
with reference to Fig. 4. In Fig. 4, the same components as 
shown in Figs. 1 and 3 are denoted by the same reference 
numerals and the description thereof is omitted. 
15 A masking blade 301 has a rectangular opening for 

defining the illumination range of the reticle 8. Further, 
the size of the rectangular opening can be changed in 
accordance with a reticle pattern and a position of the 
reticle 8 by driving the masking blade 301 using a driving 
20 unit (not shown). A light shielding plate SOI" for forming 
the rectangular opening of the masking blade 3 01 is disposed 
in the vicinity of the conjugate surface 219 with the 
reticle 8 described above with reference to Fig. 3. 
Condensers 302 and 305 project the image of the rectangular 
25 opening formed by the masking blade 3 01 to the reticle 8 at 



a predetermined magnification. Therefore, the optical 
system shown in Fig- 4 constitutes a part of the 
illumination optical system for illuminating the reticle 8 
together with the optical system described above with 
reference to Fig. 3. 

Gases are supplied to the cabinet 6 by a method 
similar to the above-mentioned method for supplying the 
gases to the chamber 4. That is, first, nitrogen gas is 
supplied to the cabinet 6 by the nitrogen gas supply source 
57a, and then helium gas is supplied thereto by the helium 
gas supply source 57b. The result is similar to that 
obtained for the chamber 4 . 

It should be noted that the light shielding blade 301' 
is constructed to move along a guide (not shown), and, in 
this embodiment, a gas bearing acts as a non-contact bearing. 
However, the embodiment is not limited thereto and a rolling 
guide using balls or a sliding guide using rollers could be 
used as alternatives. 

The condenser 3 02 is supported by a support table 3 04 
having a ventilation port 303, and the condenser 3 05 is 
supported by a support table 3 06. 

Note that the gas supplied from the gas supply port 59 
flows through the interior of the cabinet 6, flows along the 
light path between the condensers 302 and 3 05, and a passes 
through the ventilation hole 303 in the support table 304, 



and is discharged from the gas discharge port 60. The gas 
flow path in the chamber 6 is conceptually shown by arrows 
in Fig. 4. The provision of the gas flow path which 
sequentially passes through the spaces between optical 
elements in the chamber 6 permits the air in those spaces to 
be effectively displaced by the gas . 

Further, while the gas discharged from the gas 
discharge port 60 is discharged directly into the chamber 26 
in this embodiment, the invention is not limited thereto. 
That is, the gas discharged from the gas discharge port 60 
may be introduced to the optical systems disposed in the 
light path from the cabinet 6 to the wafer 14, for example, 
to the projection optical system 13 or the like, and may be 
discharged into the chamber 2 6 after it passes through the 

interior of projection optical system 13. Otherwise, the 
gas discharged from the gas discharge port 60 may be 
directly collected. 

Note that while the optical system shown in Fig. 4 is 
an imaging optical system using a condenser system, a 
reflecting/refractive optical system or a reflecting optical 
system also could be used. 

Further, while a case in which a rectangular shape is 
used as the opening shape of the masking blade 301 is 
described in this embodiment, the invention is not limited 
thereto and an arc-shaped opening having a predetermined 
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radius of curvature could be used instead. 

Furthermore/ while the gas supply port 59 is disposed 
at the end of the cabinet 6 on the illumination side and the 
gas discharge port 60 is disposed at the end of the cabinet 
6 on the reticle side in this embodiment, the invention is 
not limited thereto. For example, the gas supply port 59 
may be disposed at an end of the cabinet 6 on the reticle 
side, and the gas discharge port 60 may be disposed at an 
end of the cabinet 6 on the illumination side. In 
particular, it may be preferable to arrange a portion of the 
cabinet 6, such as where the masking blade is located, to be 
a downstream side when the gas purity of the atmosphere in 
the cabinet 6 and the like are taken into consideration. 

According to this embodiment, while the same gas 
supply port, gas exhaust port and ventilation ports are used 
for nitrogen and helium, the invention is not limited 
thereto similarly to the case of the above-mentioned chamber 
4. Further, in view of the specific gravities of nitrogen 
and helium, the positions of the ventilation ports which are 
important in the formation of the flow path in the cabinet 6, 
may differ between a time when nitrogen is supplied and a 
time when helium is supplied. This may be realized by 
providing operable/closable ventilation ports and 
selectively closing and opening them depending upon the type 
of gas being supplied, similarly to the case of the above- 



mentioned chamber 4 . 

In Fig. 1, gas supplied from the gas supply source 57 

is introduced to a gas supply port 62 defined at an end of 
the projection optical system 13 on the wafer side through 
piping 61. From there the gas passes through the interior 

of the projection optical system 13, and then is discharged 
into the chamber 2 6 from a gas discharge port 63 defined at 
the other end of the projection optical system 13 on the 
reticle side. 

The gas flow path in the projection optical system 13 
will be described with reference to Fig. 5. In Fig. 5, the 
same components shown in Figs. 1 and 4 are denoted by the 
same reference numerals and the description thereof is 
omitted . 

A pattern drawn on the reticle 8 is scaled down 
(reduced) and projected onto the wafer 14 by lenses 4 02, 4 05, 
408, 411, 414, 417, and 420. Reference numeral 401 denotes 
the lens-barrel of the group of the above lenses. 

The lens 4 02 is supported by a support table 404 
having the gas discharge port 63. The lens 405 is supported 
by a support table 407 having a ventilation port 406. The 
lens 4 08 is supported by a support table 410 having a 
ventilation port 4 09. The lens 411 is supported by a 
support table 413 having a ventilation port 412. The lens 
414 is supported by a support table 416 having a ventilation 
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port 415. The lens 417 is supported by a support table 419 
having a ventilation port 418. The lens 420 and the support 
- tables 407, 410, 413, 416, and 419 are supported by the 
lens-barrel 401. 
5' The gas supplied from the gas supply port 62 is 

discharged from the gas discharge port 63 after sequentially 
passing through the ventilation ports 418, 415, 412, 409, 
and 406, which are provided in the respective support tables. 
The gas flow path in the projection optical system 13 is 
10 conceptually shown by arrows in Fig. 4. The provision of 
the gas flow path which sequentially passes through the 
spaces between optical elements in the projection optical 
system 13 permits the air between the optical elements to be 
effectively displaced by the gas . 
15 Gases are supplied into the projection optical system 

13 by a method similar to the above-mentioned method of 
supplying gases into the chamber 4. That is, first, 
nitrogen gas is supplied into the projection optical system 
13 from the nitrogen gas supply source 57a and then a helium 
20 gas is supplied thereinto from the helium gas supply source 
57b. The result is similar to that obtained for the chamber 
4. 

Note that while in this embodiment the gas discharged 
from the gas discharge port 63 is discharged directly into 
2 5 the chamber 26, the invention is not limited thereto. That 



is, the gas discharged from the gas discharge port 63 may be 
introduced into the optical systems disposed in the light 
path from the glass element 5 (Figs. 1 to 4 ) to the wafer 14, 
such as, for example, into the cabinet 6 (Figs. 1 and 4), 
and may be discharged into the chamber 2 6 after it passes 

through the interior of the cabinet 6. Further, the gas 
discharged from the gas discharge port 63 may be directly 
collected . 

Furthermore, although a refractive optical system is 
used as the projection optical system 13 in this embodiment, 
a reflective/refractive optical system or a reflecting 
optical system also could be used. 

According to this embodiment, while the same gas 
supply port, gas exhaust port and ventilation ports are used 
for nitrogen and helium, the invention is not limited 
thereto, similarly to the case of the above-mentioned 
chamber 4. In particular, when gas in the projection 
optical system 13 with a vertical optical axis is replaced, 
it is preferable to dispose a gas supply port on an upper 
and lower portion of the projection optical system 13 and to 
dispose a gas discharge port on an upper and lower portion 
thereof, in consideration of the different specific 
gravities of nitrogen and helium. In this case, nitrogen 
may be supplied from the gas supply port disposed at a lower 
portion of the projection optical system 13 and helium may 



be supplied from the gas supply port disposed at the upper 
portion thereof. Further, in view of the specific gravities 
of nitrogen and helium, the positions of the ventilation 
ports, which are important in the formation of the flow path 
in the projection optical system 13, may differ between a 
time when nitrogen is supplied and a time when helium is 
supplied. This may be realized by providing 
operable/closable ventilation ports and selectively closing 
and opening them depending upon the type of gas being 
supplied, similarly to the case of the above-mentioned 
chamber 4 . 

The gas discharged into the chamber 26 from the gas 
discharge ports 60 and 63 is discharged from the circulation 

output 70 Of the chamber 26 and introduced into the 
introduction port 73 of a gas circulation system 72 through 
piping 71. The gas is divided into predetermined amounts of 
flow in the gas circulation system 72 and is discharged from 
distribution ports 74a, 74b, 74c, and 74d of the gas 
circulation system 72, respectively. 

The gas discharged from the distribution port 74a is 
introduced into a down-flow duct 7 6 through piping 75a and 
blown into the chamber 26 through the ULPA filter 76' in the 
down-flow duct 76, which causes the gas in almost the entire 
chamber 2 6 to flow downward. 

The gas discharged from the distribution port 74b is 
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introduced into a partial duct 25 through piping 75b and is 
blown into a space in the vicinity of the reticle 8 and the 
interferometer light path 12'. 

The gas discharged from the distribution port 74c is 
5 introduced into the gas introduction port 41 of the external 
cylinder 24. From there the gas passes through the space 
between the projection optical system 13 and the external 
cylinder 24, after which it is discharged into the chamber 
26 from the opening 24' of the external cylinder 24. 
10 The gas discharged from the distribution port 74b is 

introduced into a partial duct 23 through piping 7 5d and is 
blown into a space in the vicinity of the wafer 14 and the 
interferometer light path 18'. 

Next, the interior of the gas circulation system 72 
15 will be described. 

The gas supplied from the introduction port 73 is 
circulated by a fan 102. A direction switching valve 103 
sends the gas to either a first or second cleaner 104 or 105 
which are disposed in parallel with each other. The 
20 direction switching valve 103 shuts off the flow of gas into 
the other of the first and second cleaners 104 and 105. A 
direction switching valve 106 opens the flow path of the 
first or second cleaner 104 or 105 to which the gas is sent 
and shuts off the flow path of the cleaner. Accordingly, 
25 the direction switching valves 103 and 106 are operated by a 
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driving system (not shown) to open the flow path of the one 
cleaner and to shut off the flow path of the other cleaner. 

A gas supply source 107 supplies an inactive gas, 
which/ in this embodiment, is, helium gas or nitrogen gas. 

The gas supplied from the gas supply source 107 is 

supplied to the first and second cleaner 104 and 105 through 
piping 108 and 109, respectively. A driving system (not 
shown) drives an open/close valve 110 to turn on and off the 
supply of gas to the first cleaner 104. Similarly, a 
driving system (not shown) drives an open/close valve 111 to 
turn on and off the supply of gas to the second cleaner 105. 
Further, a gas discharge mechanism 112 discharges gas 
supplied from the first cleaner 104 through piping 113 and 
gas supplied from the second cleaner 105 through piping 114. 
The flow Of gas from the first cleaner 104 to the gas 
discharge mechanism 112 is turned on and off by an 
open/close valve 115 and the flow of gas from the second 
cleaner 105 to the gas discharge mechanism 112 is turned on 
and off by an open/close valve 116. The open/close valves 
115 and 116 are controlled by a driving system (not shown). 

The details of the first and second cleaners 104 and 
105 will be described with reference to Fig. 6. 

In Fig. 6, the same components shown in Fig. 1 are 
denoted by the same reference numerals and the description 
thereof is omitted. 



Each of the first and second cleaners 104 and 105 
includes an ozone/oxygen removing mechanism 501 and a 
chemical filter 504 for removing predetermined substances 
from a purge gas. 

The ozone/oxygen removing mechanism 501 includes an 
ozone conversion mechanism 502 and an oxygen removing 
mechanism 503, which acts as internal mechanisms for 
removing ozone and oxygen, respectively, from gas supplied 
from an introduction port. 

The ozone conversion mechanism 502 removes ozone by 

converting ozone (O3) into oxygen (O2) t>y a principle of 
conversion employing a chemical reaction utilizing, for 
example, activated carbon. 

The oxygen, having been converted from ozone and 
passed through the ozone conversion mechanism 502, is 
removed by the oxygen removing mechanism 503. The oxygen 
removing mechanism 503 adsorbs and removes the oxygen in the 
gas by causing the gas to come into contact with iron powder, 
CaO, a Cu mesh or the like so that the oxygen is consumed in 
a chemical reaction (oxidation) . Further, a commercially 
available high purity gas refiner may be used. 

Since the air in the chamber 2 6 is replaced with 
helium gas or nitrogen gas, the oxygen and ozone 
concentrations in the chamber 26 are at a very low levels. 
However, a very minute amount (for example, on the order of 
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ppm or less) of ozone and/or oxygen which still remain in 

the chamber 2 6 can be removed by the ozone/oxygen removing 
mechanism 501. 

The chemical filter 504 removes impurities from the 
5 purge gas, specifically, ammonia (NHj) and organic gases. 

While an ion exchange type filter and an activated 
carbon type filter are commonly used chemical filters for 
his purpose, a ceramic porous body type filter is used in 
this embodiment. 
10 The ceramic porous body type chemical filter can 

maintain a high impurities removing capability even in an 
environment with very low humidity (for example, on the 
order of ppm or less) and, thus, the ceramic porous body 
type filter is more preferable from a cleaning viewpoint. 
15 However, when the ceramic porous member type chemical 

filter is exposed to a high humidity environment, such as 
air, for example, the filter absorbs water (H2O). If the 
apparatus is operated in this state, there is a possibility 
that a gas containing water will be supplied to the chamber 
2 0 26. This problem can be solved by the following method. 

Figs. 7A and 7B demonstrate the flow of gas for 
various settings of the direction switching valves 103 and 
106 and the open/close valves 110, 109, 115, and 116. 

Fig. 7A shows a state in which a gas supplied from the 
25 fan 102 passes through the first cleaner 104. Note that, in 
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Figs. 7A and 7B, the same components as shown in Fig. 1 are 
denoted by the same reference numerals . 

in the state shown in Fig. 7A, the switching valves 
. 103 and 106 close the second cleaner 105. The open/close 
5 valves 110 and 115 are also closed. Gas flow to the first 
cleaner 104 is shown by a thick arrow. 

With both the front and back sides of the second 
cleaner 105 closed, the open/close valves 111 and 116 can 
also be closed (not shown) to permit, for example, 
10 replacement and/or maintenance of the second cleaner 105. 
Further, as shown in Figs. 7A and 7B, when the open/close 
valves 111 and 116 are opened, gas is supplied from the gas 
supply source 107, after which the gas passes through the 
second cleaner 105 and is collected by the gas discharge 
15 mechanism 112. Gas flow in this case is shown by a thin 
arrow. 

When gas is being supplied to the second cleaner 105 
from the gas supply source 107, even if the second cleaner 
105 comes into contact with air during a replacement job and 

20 absorbs substances which absorb exposing light, such as 
oxygen, water, or the like, the amount of the substances 
absorbed by the second cleaner 105 can be reduced by the gas 
being supplied to the second cleaner 105 from the gas supply 
source 107. Further, gas can be supplied to the first 

25 cleaner 104 even if the second cleaner 105 is undergoing a 
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replacement or maintenance job/ which permits these jobs to 
be carried out without interrupting the operation of the 
apparatus . 

Further, since the ceramic porous body type ceramic 
5 filter 504 acts as a water removing filter in an ordinary 

operation, it is possible to restore the cleaning capability 
of a cleaner which is not used (the second cleaner 105 in 
Fig. 7A) by switching the cleaners when the apparatus is 
operated, for example, for a predetermined period of time. 
10 A degree of restoration of a cleaner's cleaning capability 
may be managed by controlling the period of time during 
which gas is supplied from the gas supply source 107. The 
degree of restoration of a cleaner's cleaning capability may 
be determined based on a gas detected by a gas detector (not 
15 shown) disposed just behind each cleaner. 

Fig. 7B shows a state in which gas supplied from the 
fan 102 passes through the second cleaner 105. The methods 
of supplying gas from the fan 102 and the gas supply source 
107, replacing and maintaining the first cleaner 104, and 
20 the like, are simply inverse to those described above with 
respect to Fig. 7 A, and thus are not described here. 

It should be noted that while a case in which two 
cleaners are provided is described in this embodiment, the 
invention is not limited thereto and three or more cleaners 
25 may be provided. 



- 49 - 



Further, while it is preferable that the gases 
supplied by the gas supply source 107 be the same as those 
supplied by the gas supply sources 51 and 57 shown in Fig. 1, 
different types of helium gas and nitrogen gas can be used 
5 as long as they do not substantially affect the capability 
of the apparatus. In particular, much like the gas supply 
sources 51 and 57 supply helium gas and nitrogen gas by 
switching between them, the gas supply source 107 also may 

supply helium gas and nitrogen gas by switching between them. 

10 Note that a single gas supply source may act as gas supply 
sources 51, 57 and 107. 

Further, a mechanism for separating the gases 
collected from the introduction port into helium gas and 
nitrogen gas may be disposed within the gas circulation 

15 system 72 since the gas supply sources 51 and 57 use helium 
gas and nitrogen gas by switching between them. 

Referring again to Fig. 1, the gas passing through the 
direction switching valve 106 is cooled to a predetermined 
temperature by a cooler 101 and is distributed to heaters 

20 117a, 117b, 117c, and 117d at predetermined flow rates. 

The heater 117a is set at a predetermined temperature 
in response to a command from a controller 78 based on a 
result detected by a thermometer 7 7a that detects the 
temperature of the gas supplied from the down-flow duct 76. 

25 The heater 117b is set at a predetermined temperature 
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in response to a command from the controller 78 based on a 
result detected by a thermometer 77b that detects the 
temperature of the gas supplied from the partial duct 25. 

The heater 117c is set at a predetermined temperature 
in response to a command from the controller 7 8 based on a 
result detected by a thermometer 77c that detects the 
temperature of the gas within the external cylinder 24. 

The heater 117d is set at a predetermined temperature 
in response to a command from the controller 78 based on a 
result detected by a thermometer 77d that detects the 
temperature of the gas supplied from the partial duct 23. 

Gases are supplied to the respective ducts by a method 
similar to the method for supplying the gas into the above- 
mentioned chamber 4. That is, first, nitrogen gas is 
supplied to the respective ducts, after which helium gas is 
supplied thereto. The result is similar to that obtained 
for the chamber 4 . 

Note that the temperatures of the gases supplied from 
the gas supply source 57 may be previously set at 
predetermined temperatures. Alternatively, the paths of 
piping 58 and 61 may be regulated so that the gases reach 
the predeterained temperatures by the time they have reached 
the gas supply ports 59 and 62. 

In Fig. 1, a high pressure gas supply unit 79 collects 
a portion of the gas in the chamber 26 through piping 80 and 



increases the pressure of the collected gas to a 
predetermined gas pressure. Thereafter, the high pressure 
gas supply unit 79 supplies the gas to the gas bearing (not 
shown) of the wafer stage 15 through piping 81a, to the gas 
bearing (not shown) of the reticle stage 9 through piping 
81b, and to the gas bearing (not shown) of the masking blade 
3 01 (Fig. 4) through piping 81c. Using an inactive gas, 
such as the purge gas in the chamber 26, as the actuating 
fluid for the gas bearings helps to maintain the environment 
in the chamber 26 in a predetermined state. 

Next, the internal construction of the high pressure 
gas supply unit 79 will be schematically described with 
reference to Fig. 8. 

The pressure of the gas supplied from piping 80 is 
detected by a pressure gauge 7 01 and the flow rate of the 
gas is adjusted to a predetermined value using a control 
valve 7 02 that is controlled by the controller 78. The gas 
then passes through a collection pump 703, after which it is 
temporarily stored in a buffer tank 7 04, before being 
compressed to a predetermined pressure by a compressor 705 
and supplied to pipings 81a to 81c. Further, an auxiliary, 
by which the gas can be exhausted by an exhaust pump 706, 
branches off at a point between the pressure gauge 701 and 
the control valve 7 02. When it is necessary to exhaust the 
gas , an amount of gas to be exhausted is controlled by a 
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mass flow controller 7 08 in response to a result detected by 
a pressure gauge 7 07 of the buffer tank 7 04. Note that the 
mass flow controller 708 is controlled by the controller 78 
(Fig. 1) in response to a result detected by the pressure 
gauge 707. 

According to the above construction, the pressure in 
the chamber 26 can be maintained at a desired pressure at 
all times. With this construction, optical characteristics 
which are sensitive to pressure variations, for example, the 
performance of the projection optical system 13 (Fig. 1), 
can be maintained. 

It is also possible to maintain the relative pressure 
difference between the pressure inside the chamber 26 and a 
pressure outside the chamber 2 6 at a predetermined value. 
This can be achieved by detecting the pressure difference 
between the pressure in the piping 80 (that is, the pressure 
in the chamber 26) and the outside pressure by using the 
pressure gauge 701 as a differential pressure gauge. 

Further, it is also possible to maintain the relative 
pressure difference between the pressures in the chambers 2 6 
and 4 at a predetermined value. This can be achieved by 
detecting the relative pressure difference between the 
pressure in the piping 80 (that is, the pressure in the 
chamber 26) and the pressure in the chamber 4 by using the 
above-mentioned differential pressure gauge. 



In Fig. 1, gas for replacing the air in the wafer load 
lock chamber 3 6 from the gas supply source 57 is supplied to 
the load lock chamber 36 through piping 82 and is exhausted 
to an exhaust mechanism 86 through piping 83. similarly, 
gas for replacing the air in the reticle load lock chamber 
31 from the gas supply source 57 is supplied to the load 
lock chamber 31 through piping 84 and is exhausted to the 
exhaust mechanism 86 through piping 85. 

It should be noted that a timing at which the gas is 
supplied is such that after the gate valves 32 and 37 are 
opened and a reticle and a wafer are placed on the support 
tables 34 and 39, respectively, the gate valves 32 and 37 
are closed, and a valve (not shown) of the gas supply source 
57 and a valve (not shown) of the exhaust mechanism 86 are 
then opened in response to a command from the controller 78. 

When the interiors of the load lock chambers 31 and 36 
reach a predetermined state, the flow of gas is stopped by 
closing the valves in response to a command from the 
controller 78. Further, the gate valves 33 and 3 8 are 
opened, and the reticle 8 and the wafer 14 are placed in the 
apparatus by the transport robots 35 and 40. 

When the reticle 8 or the wafer 14 is removed from the 
apparatus, gas is supplied while the gate valves 32, 33, 37, 
and 3 8 remain closed, and the supply of gas is stopped when 
the interiors of the respective load lock chambers reach a 
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predetermined state. Next, the gate valves 33 and 3 8 are 
opened, and the reticle 8 and the wafer 14 are removed from 
the apparatus by the transport robots 35 and 40 and placed 
- on the support tables 34 and 39 in the load lock chambers 31 
5 and 39. After they are placed thereon, the gate valves 33 
and 38 are closed, the gate valves 32 and 37 are opened, and 
the reticle 8 and the wafer 14 are removed by a taking-out 
unit (not shown). 

While the reticle 8 and the wafer 14 are inserted and 
10 removed at the same time in the above description, they of 
course may be inserted and removed at different times. 

One reason why the load lock chambers 31 and 3 6 are 
subjected to gas replacement is to prevent contamination of 
the environment in the chamber 26 when the gate valves 33 
15 and 3 8 are opened. 

Gases are supplied to the load lock chambers 31 and 36 
by a method similar to the above-mentioned method for 
supplying gases to chamber 4. That is, first, nitrogen gas 
is supplied to the load lock chambers 31 and 3 6 by the 
20 nitrogen gas supply source 57a, after which helium gas is 
supplied thereto by the helium gas supply source 57b. The 
result is similar to that obtained for the chamber 4. 
According to this embodiment, while the same gas supply port 
is used to supply nitrogen and helium to the load lock 
2 5 chambers 31 and 36, the embodiment is not limited thereto. 



similarly to the case of the above-mentioned chamber 4. 
That is, a gas supply port and a gas exhaust port may be 
provided separately to take advantage of the different 
specific gravities of nitrogen and helium and the different 
convective movements of them in the load lock chambers - 

Further, when a pellicle (not shown) is used to 
prevent the deposition of dust on the pattern surface of the 
reticle 8, it is preferable that the air in the space 
surrounded by the reticle 8, the pellicle, and a pellicle 
frame (not shown) be replaced with a purge gas. in that 
case, a pellicle frame having pressure equalizing holes 
(ventilation holes for communicating the inside of the 
pellicle frame with the outside thereof) is preferably used. 

A gas exhaust port 87 is used to discharge gas from 
the chamber 26. 

When the operation of the apparatus is started, the 
interiors of the chamber 26 and the gas circulation system 
72 are filled with the air. 

Therefore, when the apparatus is started up, gas from 
the gas supply source 57 is supplied into the projection 
optical system 13 and the cabinet 6. Meanwhile, gas is 
exhausted from the gas exhaust port 87 to the exhaust 
mechanism 86 through piping 88. The exhaust operation is 
turned on and off with a valve (not shown) disposed in the 
exhaust mechanism 86 that is controlled by the controller 78. 
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When the interior of the chamber 26 and the 
circulation system reach a predetermined state of gas 
replacement, the discharge of gas from the gas exhaust port 
87 is stopped, and the apparatus is ready for an exposing 
operation. 

A timing at which the gas exhausted from the gas 
exhaust port 87 is stopped may be determined in response to 
an exhaust stop command issued by the controller 78, which 
automatically determines whether or not a predetermined 
period of time has elapsed since the start of the exhaust 
process. Alternately, a gas detector (not shown) may be 
disposed at a predetermined position in the chamber 26 or in 
the circulation system thereof and the controller 78 may 
issue an exhaust stop command by automatically determining 
the timing based on a result detected by the gas detector. 

Further, when it is desired to replace the air in the 
chambers 4 and 2 6 to a predetermined state in a shorter 
period of time at the start of operation of the apparatus, 
or when it is desired to improve throughput by completing 
the gas replacement of the load lock chambers 31 and 36 in a 
shorter period of time since they are repeatedly opened to 
the air and put in a gas replaced state each time a reticle 
and a wafer are replaced, the air may be forcibly discharged 
from the exhaust mechanisms 56 and 86 using a vacuum pump. 
Then, a gas purge may be carried out after the interiors of 
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the chambers 4 and 26 and the interiors of the load lock 
chambers 31 and 36 have been evacuated. In that case, the 
chambers 4 and 26 and the load lock chambers 31 and 36 must 
- have sufficient rigidity so that the performance of the 
5 apparatus is not affected. Otherwise, deformation of the 
chambers would result when they are evacuated. 

In the embodiment of Fig. 1, even if the chambers 4 
and 26 are deformed when they are evacuated, the direct 
transmission of the deformation to adjacent components is 
- 10 prevented by the employment of the movable members 27, 28, 
and 29. 

Note that a series of the above operations for 
supplying the gas after evacuating the interiors of the 
chambers and the interiors of the load lock chambers may be 
15 repeated a plurality of times if necessary, when evacuation 
is repeated a plurality of times, even if the ultimate 
vacuum in the chambers and the load lock chambers is 
relatively low (an absolute pressure is high) as compared 
with a case in which the evacuation is carried out only once, 
20 the relatively low ultimate vacuum is acceptable, which can 
greatly reduce the cost of the vacuum pump and accessories 
necessary for evacuation. In the gas replacement method of 
the present invention, it is preferable to introduce helium 
after final evacuation is completed and to use nitrogen in 
25 the purge carried out before the final evacuation. 
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Further, according to the embodiment shown in Fig. 1, 
even if the interior of the chamber 4 is opened to the air 
during maintenance thereof, the chamber 26 can be kept in a 
purged state. Conversely, even if the interior of the 
chamber 26 is opened to the air, the chamber 4 can be kept 
in a purged state. 

<Embodiments of semiconductor manufacturing system> 
Next, embodiments of a manufacturing system for 
manufacturing a semiconductor device (e.g., a semiconductor 
chip such as an IC, LSI, or the like, a liquid crystal panel, 
a CCD, a thin film magnetic head, a micromachine, or the 
like) will be explained. In the manufacturing system of 
this embodiment, the repair of manufacturing apparatuses 
installed in a semiconductor manufacturing factory, as well 
as the periodic maintenance of the manufacturing apparatuses 
and software installation and maintenance services and the 
like are executed outside of the factory through a computer 
network. 

Fig. 9 shows the overall system according to one 
preferred embodiment, in Fig. 9, reference numeral 1101 
denotes an office of a vendor which provides semiconductor 
device manufacturing equipment (maker for supplying the 
manufacturing equipment). Exemplified as the semiconductor 
device manufacturing equipment is equipment used in various 
kinds of processes in the semiconductor manufacturing 
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factory such as apparatuses used in an upstream process 
(e.g., a lithography apparatus such as an exposure apparatus, 
a resist processing apparatus, an etching device or the like, 
a heat treatment apparatus, a film forming apparatus, a 
flattening apparatus, or the like), and apparatuses used in 
a downstream process (an assembly apparatus, an inspection 
apparatus, and the like). A host management system 1108 for 
providing maintenance database of the manufacturing 
equipment, a plurality of operation terminal computers 1110, 
and a local area network (LAN) 1109 for constructing an 
intranet by connecting the host management system 1108 and 
the terminal computers 1110, are all disposed in the office 

1101. The host management system 1108 includes a gateway, 
which connects the LAN 1109 to the Internet 1105 which 
serves as an external network for the office, and a security 
function for restricting external access. 

Reference numerals 1102, 1103, and 1104 denote 
factories of a semiconductor manufacturing maker which use 
semiconductor device manufacturing equipment. The factories 

1102, 1103, and 1104 may belong to different makers or may 
belong to the same maker (for example, factories for an 
upstream process and factories for a downstream process, and 
the like). A plurality of manufacturing apparatuses 1106, a 
local area network (LAN) 1111 for constructing an intranet 
connecting the manufacturing apparatuses 1106, and a host 
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management system 1107 which monitors the operation of the 
respective manufacturing apparatuses 1106 are all disposed 
in each of the factories 1102, 1103, and 1104. The host 
- management system 1107 disposed in each of the factories 
5 1102, 1103, and 1104 includes a gateway for connecting the 
LAN 1111 of the factory to the Internet 1105, which serves 
as an external network for the factory. With this 
construction, it is possible for the respective factories to 
access the host management system 1108 of the vendor office 
10 1101 from the LAN 1111 thereof through the Internet 1105, 
and access is granted only to users which are permitted by 
the security function of the host management system 1108. 
Specifically, factories can send status information (for 
example, trouble with a manufacturing apparatus) indicating 
15 the operating state of the respective manufacturing 

apparatuses 1106 to the vendor through the Internet, as well 
as receive information from the vendor in response (for 
example, information, software, or data for coping with the 
trouble). The factories can also receive the latest 
20 software and maintenance information such as help 

information from the vendor through the internet. A 
communication protocol (TCP/IP) that is typically utilized 
in Internet communications is used for the data 
communication between the respective factories 1102, 1103, 
25 and 1104 and the office 1101, as well as for data 
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communication within the LAN 1111 of each factory. Note 
that a private line network (e.g., ISDN and the like), which 
cannot be accessed by a third party, and therefore, has a 
- high degree of security, may be used as the external network 

5 in place of the Internet. Further, the host management 

systems are not limited to ones provided by the vendor, and 
a user may construct a database and place it on the external 
network so as to permit a plurality of factories of the user 
to access the database. 

10 Fig. 10 is a conceptual view of the overall system of 

another preferred embodiment. The previous embodiment is 
constructed such that the factories are connected to the 
management system of the vendor of the manufacturing 
apparatuses through the external network, and data as to the 

15 production management of the respective factories and 

information of at least one set of a manufacturing apparatus 
is transmitted through the external network. In the 
embodiment shown in Fig. 10, a factory including 
manufacturing apparatuses of a plurality of vendors is 

20 connected to the management systems of the respective 

vendors through an external network 1200 outside the factory, 
enabling the factory to transmit the maintenance information 
for the respective manufacturing apparatuses. In Fig. 10, 
reference numeral 12 01 denotes the manufacturing factory of 

25 a user (semiconductor device maker) of manufacturing 
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apparatuses, for example, an exposure apparatus 1202, a 
resist processing apparatus 1203, and a film forming 
apparatus 1204. It should be noted that while only one 
manufacturing factory 1201 is shown in Fig. 10, a plurality 
5 of factories are actually connected through the network. 
The different manufacturing apparatuses of the factory 1201 
are connected by a LAN 12 06 to form an intranet, and the 
operation of the manufacturing line is managed by a host 
management system 1205. The respective offices of the 

10 vendors {makers for supplying manufacturing apparatuses), 
such as an exposure apparatus maker 1210, a resist 
processing apparatus maker 1220, a film forming apparatus 
maker 123 0 or the like, each include a host management 
system 1211, 1221, and 1231 having a maintenance database 

15 and a gateway to the external network for providing 

maintenance to the remote manufacturing apparatuses . The 
host management system 1205, which manages the manufacturing 
apparatuses within the factory of the user, is connected to 
the management systems 1211, 1221, and 1231 of the vendors 

20 through the Internet 1200, which serves as the external 

network 1200, or, alternatively, can be connected through a 
private line network. 

In the above system, when any one the manufacturing 
apparatuses on a manufacturing line experiences a problem, 

25 operation of the entire manufacturing line is interrupted. 



However, the problem of the manufacturing apparatus can be 
promptly coped with by remote maintenance offered by the 
vendor of the manufacturing apparatus through the Internet 
1200 so that the interruption to the manufacturing line can 
5 be minimized. 

Each of the manufacturing apparatuses installed in the 
semiconductor manufacturing factory includes a display, a 
network interface, network accessing software stored in a 
memory, and a computer for executing software for operating 

10 the manufacturing apparatus. Exemplified as the memory is 
an integral memory, a hard disc, a network file server, or 
the like. The above network accessing software includes a 
dedicated or general-purpose web browser and provides a user 
interface on a display screen, an example of which is shown 

15 in Fig. 11. An operator of the manufacturing apparatuses in 
the factory inputs information as to the type (1401) and 
serial number (1402) of a manufacturing device having a 
problem, the name of the problem (1403), the date of 
occurrence (1404), a degree of emergency (1405), a sign of 

20 the trouble (406), a solving method or countermeasure (407), 
a progress report (408), and the like. The inputted 
information is transmitted to the maintenance database 
through the Internet. As a result, appropriate maintenance 
information is returned from the maintenance database 

25 through the Internet and displayed on the screen. The user 
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interface provided by the web browser further provides 
hyperlink functions (1410 to 1412) as shown in Fig. 11, 
which permits the operator to access more detailed 
information for each item, to obtain the latest version of 
software for a manufacturing apparatus from a software 
library provided by the vendor, and to obtain an operation 
guide (help information) provided as a reference to the 
operator of the factory. The maintenance information 
provided by the maintenance management system includes 
information as to the oxygen concentrations in the chambers 
described above. Further, the software library can provide 
the latest software for switching between the gas supply 
devices and for controlling the oxygen concentration in the 
chambers . 

Next, a process for manufacturing a semiconductor 
device making use of the manufacturing system described 
above will be explained. Fig. 12 shows a flowchart of the 
overall manufacturing process of the semiconductor device. 
At step 1 (circuit design step), a circuit of the 
semiconductor device is designed. At step 2 (mask making 
step), a mask on which a designed circuit pattern is formed 
is made. At step 3 (wafer making step), a wafer is made 
using a material such silicon or the like, step 4 (wafer 
processing step) is called an upstream process in which an 
actual circuit is formed on the wafer by lithography using 



the mask and the wafer which were prepared in previous steps. 
Step 5 is called a downstream process in which semiconductor 
chips are made using the wafer made at step 4. Specifically, 
step 5 includes an assembly step (dicing and bonding steps), 
5 a packaging step (chip encapsulating step), and the like. 
At step 6 (inspection step), inspections are carried out to 
confirm the operation, durability and the like of the 
semiconductor device made in step 5. The semiconductor 
device is completed through the above steps and shipped in 

10 step 7. The upstream process and the downstream process are 
carried out in different dedicated factories, and 
maintenance of the manufacturing apparatuses of each factory 
is performed by the remote maintenance system described 
above. Further, information as to production management and 

15 maintenance of the manufacturing apparatuses is also 

transmitted between the factory of the upstream process and 
the factory of the downstream process through the Internet 
or a private line network. 

Fig. 13 shows a detailed flowchart of the above wafer 

20 process. At step 11 (oxidizing process), the surface of the 
wafer is oxidized. At step 12 (CVD process), an insulating 
film is formed on the surface of the wafer. At step 13 
(electrode forming step), electrodes are formed on the wafer 
by vapor evaporation. At step 14 (ion implanting step) ions 

25 are implanted into the wafer. At step 15 (resist processing 
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step), a light sensitive agent is coated on the wafer. At 
Step 16 (exposing step), the circuit pattern on the mask is 
printed and exposed on the wafer using the above-mentioned 
exposure apparatus. At step 17 (developing step), the 
5 exposed wafer is developed. At step 18 (etching step), the 
portion of the wafer other than the developed resist image 
is removed by etching- At step 19 (resist exfoliating step), 
the resist, which is made unnecessary by the completion of 
the etching, is exfoliated. Repetition of the above steps 

10 permits circuit patterns to be superimposed on the wafer. 
Maintenance is performed on the manufacturing apparatuses 
used at the various steps by the remote maintenance system 
described above, which can prevent the occurrence of 
problems and, if a problem does occur with any manufacturing 

15 apparatus, the apparatus can be promptly restored to working 
order. Thus, the productivity of the semiconductor device 
manufacturing apparatus of the present invention is improved 
as compared with a conventional system. 

Except as otherwise disposed herein, the various 

20 components shown in outline or in block form in the figures 
are individually well known and their internal construction 
and operation are not critical either to the mating or using 
of this invention or to a description of the best mode of 
the invention. 

25 While the present invention has been described with 
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reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions. 



